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SECTION I -- STUDENT MATERIALS FOR LOCKEY 


In this exercise, you are conducting a simulated experiment in competitive 


inhibition of the enzyme acetylcholinesterase (a sét’el kd’lin es’te ras’). 
This brief section will attempt to give you some knowledge about this exercise. 


A. About the enzyme 


Acetylocholinesterase acts as an enzyme (organic catalyst) to break down 
the compound acetylcoline (a sét’el kd’lén, lin) into its two halves acetic 
acid and choline. The simple word equation for this would be: 


acetylcholine + water = > acetic acid + choline 


The enzyme acetylcholinesterase is essential to your body because it is 
one of the set of enzymes that control the nervous system. Anything that 
would interfere with the normal action of acetylcholinesterase would lead to 
death, since the nerves would cease to function. This is only one reason why 
this enzyme is important. 


a; About enzyme function 


How does an enzyme do its work? Scientists have not yet completely 
answered that question, but one of the most useful ideas that have been 
proposed is the Lock and Key Model of enzyme action. 


To understand this model we picture the substrate (the substance the 
enzyme works on) as being a jagged lock and the enzyme is pictured as a key 
that fits the lock. The enzyme (key) will only act on those chemicals that 
are similar in shape to the substrate (lock). 


ENZYME 


SUBSTRATE 


SUBSTRATE 
UNDERGOING 
REACTION 


PRODUCTS 


. 


Diagram 1.1." The Lock and Key Model of Enzyme Action. 





So we may picture acetylcholine as the lock and acetylcholinesterase 
as the key. Once the key is in the lock, the enzyme is able to "work on" 
the substrate (in this case, break it in two). The enzyme then releases 
the products acetic acid and choline. 


e. About competitive inhibition 


Normally, according to Lock and Key, the enzyme acetylcholinesterase 
fits into the acetylcholine and breaks it down into acetic acid and choline. 


If we put another chemical into the test tube, one that is similar in 
shape to acetylcholine, the acetylcholine and the other chemical compete 
to join up with the enzyme. 


If they do get into competition, should more or less acetic acid be 
produced than normal? 


Before you do these experiments, you should have a guess for this 
question. Such an educated guess is called a hypothesis ( hi poth’i sis). 
During the experiment you should check to see if your hypothesis is correct 
or incorrect. 


D. Running the experiment 


Your goal in this experiment will be to determine which inhibitor 
chemical is most effective. 7 


In the computer simulation you can control: 


1. Amount of acetylcholine 
2. Type of inhibitor chemical 
SS pater of inhibitor 


How_to design your experiment. Before you run the program, you should 


map out the experimental design and enter it on you Computer Input Sheet. 


1. In most experiments you want a control. Since we are 
testing the effectiveness of different types of inhibitors, 
the control will use no inhibitor. For computer question 2 
use code 0 (zero) for no inhibitor. 


2. In an experiment, you should change only one factor, the 
factor you want to study, and keep the other factors constant. 


In this case, which one of the three factors above will be 
varied in éaeh of the experiments? 


(Note: You will find it best to select a concentration of inhibitor at 
least 100 times greater than the acetylcholine concentration.) | 


Put your experimental design on the Computer Input Sheet. 























We are going to check the following chemicals for competitive inhibition: 


CODE = NAME. 
e* ammonium: 
2 dimethylamine 
3 methylamine 
4 prostigmine 
5 trimethylamine 


CHEMICAL 
FORMULA 


+ 
NH, 


a 
CH NH 3 


+ '] 
(CH) .N C¢H,-0-C-CH, 
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STRUCTURE 


i 
ca Ie 


For comparison, the atomic structure of acetylcholine is: 


fen yi" m 
3) 3N CH2CH-0-C-CH 


m3 0 
CH= ~CHS CH> O-C- CH 


CH, 


3 





How to use the computer. The first question the computer will ask is 
"Do you wish instructions?" Type "1" if you do, "0" otherwise. You will 
probably want instructions the first time you run the program. 


Since the first run is the control for the experiment, you have to 
enter only the amount of acetylcholine (0 to 3 millimoles) from your 
Computer Input Sheet, the code number O for no inhibitor, and whether you 
want your results as a table or as a graph. (Type "1" for a table, "2" 
for a graph.) 





For each succeeding run you will have to input the amount of acetyl- 
choline, the code number for the inhibitor and the amount of inhibitor, 
all of which are taken directly from the Input Sheet, as well as the data 4 
format desired. 


Either data format will give you good results. The table will print 
out the amount of acetylcholine remaining at the end of each tenth of a 
minute and the total acetic acid produced up to that time. The inhibitor 
concentration remaining at the end of the experiment will also be printed. 
The graph will yield a plot of the amount of acetic acid produced vs. the 
time (in tenths of a minute) since the onset of the reaction, with the 
amount of acetic acid produced (in millimoles) printed next to the appro- 
priate point. Again, the inhibitor concentration at the end of the 
experiment will be printed. 


If an experiment does not run to completion within two minutes, the 
computer will ask, "Do you want to continue the assay?" Type "1" if you 
want to continue the experiment; "0" otherwise. 


How to analyze your data. When you think you have finished experi- — 
ments with each of the five inhibitors and the control, it will be necessary 
to compile your data in one graph: | 


1. Put acetic acid concentration (0 to 3 millimoles) 
on the vertical (y) axis. 


2. Put time (from 0 to 2 minutes) on the horizontal 
(x) axis. 


3. Plot your data from the control experiment, 
connect the points with a smooth line, and 
label the control. 





4. Plot data for each of the inhibitors on the 7 
Same graph. Be sure to label each line with 
the inhibitor code number. 


Graph 1.1 is an example, but be careful -- Graph 1.1 is wrong. 
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Now answer the following: 


1. What happens to the amount of sssijeia batsiec ses as acetic acid is 
being produced? Why? 


2. Which inhibitor is closest to acetylcholine in structure? 





3. Which part(s) of the inhibitor are similar to acetylcholine? 


4. Which parts are not similar? 


5. Which inhibitor was least like acetylcholine in structure? 


6. Which inhibitor was most effective in slowing the breakdown 
of acetylcholine? 


7. Which was least effective? 





8. How might lock and key theory explain this? 


9. Scientists get acetylcholinesterase from nerves. What 
animal would be the best to use if you wanted to get 
large amounts? Why? 
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